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PROBLEM TO BE SOLVED: To provide a high tensile strength hot dip galvanized steel 
plate excellent in workability and spot weldability and suitable as the stock for an 
automotive parts and to provide a method for producing the same. 

SOLUTION: A steel plate having a composition in which the contents of C, Si, Mn, S and 
P are controlled, and also, X value=C+Si/30+Mn/20+2P+4S is controlled to 0.25% or less 
is subjected to a first stage in which the same is heated at (Ac3-50°C) to (Ac3+100°C) 
and is cooled to the Ms point or less at a cooling rate of 10°C/s or more, a second stage 
in which the same is heated in the region of Ac1 to Ac3 and is thereafter cooled at a 
cooling rate of 5°C/s or more and a third stage in which the same is applied with hot dip 
galvanizing treatment and is cooled to 300°C at a cooling rate of 5°C/s or more in 
succession to obtain the steel plate having a composite structure composed of ferrite of 
30% or more in a volume ratio, tempered martensite of 20% or more, retained austenite of 
2% or more and a low temperature transformed phase, in which the average crystal grain 
size of ferrite and tempered martensite is 10 nm or less. 
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(57) [Sft] 

[nun mmm&shmmwi i~ttm%. am*, x 

Ifflk^m C, Si, Mm S, P*W**ffl*JL, 
OXffi=C+Si/30 +Mn/20 + 2 P + 4 S#0.25%JaT 
"Cfc^ajS^^ilWRtCs (Ac 3 -50r) ~ (Ac 3 + 

100 r) -etns&Lfca* i(rc/sfeU:^r2jmerrMs 

c^fcai&gTSOO "C 4 T'^ai-f & H&IH i: a: MftM 
U &mmX30%U)±<r>7±7j h % 20%J3Lh<O«l|-7 
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C : 0.05-0.15%. 
Mn : 1.0 -3.0 %. 
P :0.02%JilT. 

feLt, IMBBRv/Hr^lM N£#3»$-C20%J.;Lt. fy 

t/A#v bmmmzmixi>m^mm.m^^ zm®.. 
is 

X(l=C+Si/30 +Mri/20 +2P + 4S 

dT". C. Si. Mn. P. S : #7C*c7)#Wa: (mass 

%) 

C : 0.05—0.15%, 
Mn : 1.0 —3.0 %, 
P :0.02%JilT. 
, #>oTf fi XflDW). -SffifiKS- Iff 6 

IPMRtC. (Ac 8 S3B05--5<rC) - < Ac 3 S3&£+100 

•o <7>ias«T-5sec fiLh«j«-*— »:jiij»Maa*»L 
j^ajf ^-<fcr^t, &v>t. (Acjsm^t-Acg son 

.6) — -120sec^ffii^-tl>z:^ilU.%5ftSSrife 

UfcfiL 5*C/sJ.Xh<O^aJiIST500 °C^TO?a.Si 

-cjfrsi-f ax&nifc s vt^x-mmmstb-o %$m*m 
°c/ s \:y±.<™&nmjgx'm -c 4 T#in-r k 

£«U»frf £ Sr«Nafc-r&imXtt*iJ:^#-y bWfe 

e. 

X(l=C+Si/30 + Mn/20 +2P + 4S 

Z\ZX\ C, Si. Mn. P. S : #7C*<7)^** (mass 

%) 

o -c-550 x:<r>\§j&&&xmw&i,xmwm£i#>^*m 
^ffljss T-300 "c * r^ai-f *xg-c& zztzmmt 

[f&BJ<0S»l&BJ|] 
[000 1] 



'•(2) 001-207235 (P2001 -chfSM 

T. 1ti85il1f^'. mass%T. 
Si : 0.3 -1.8 %. 
S : 0.005 %OT. 
Al : 0.10%j:J.T 

[ If *Jf 2 ] Ituf efflfig,(C JP i. . $ & . TIE ( a P ) 

- (dp) co 0 ^a^stm*: 1 ffit tii± 2 mxt^* 
; t zmmt-thmm 1 tciaBw>jpxtt*iiv 

te 

(ap) : Cr. Mo. Cu^^^O 1 m&tz\±2WM±£-& 
t\X\ 0.05—1.0 raass%. 

(bp) : B £0.003 mass%fclT\ 

(cff) : Ca , REM CO o *>fr hW,iiXtz 1 «*rtS42» 
Sr-^ItT-. 0.01mass%lUT 

(dp) :Ti. Nb , vcoo-hfr^mmuzimttzte 

2«J2LL£-£#|-T\ 0.01—0.2 mass%'. 
[11^3] mass%T\ 
Si : 0.3 —1.8 %. 
S : 0.005 %JiTF. 
Al : 0. 10%tJ.T 

I). 

[0002] 

ixXii 0 . «i£T1i«?I1jii^/SiimaiiP n t«®Wt 

tooo3] mmzmttt^&mjM-i&fhcD&KtfTu 

futftttS: S i t t>m#>L>i\X US. 
[0004] gtb$a3p n a<i. afflaifik: ioTJi 

tt* J: v#v 7 7 > i/&mcomj:mzfiti2> tss&him 

[0005] StttflHx&S5B^«IRi: Ltli, 7x5 

immmx-hh. &tz. 3&&.x'i&5s*-*r-r4 biz 
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imimtv^zmmzmmitixtmix 

ftimmij&mWZ'l^ <&ft . L/c^'^T. jSMrfl^ 

ga#>-5 £ 5M yx-ssBi^xftfiis-m. ^aa^.^g= 

tM h£^#f*Oiim*^*$itftCk(iiiU\ 

[00063 zco£o %imx\ immmmstb^ § ? 

Tfifei LT^ C. M11, Ct\ Mo. P^O^IL^TCSiiS: 

[0 0 0 7] C<7jJ:o^|B]jffltc«L. Witf, 433113% 
-142S21 ^2MRtCtt, C : 0.15%iii.T. Mn+Cr : 1.0 — 
2.5 %CfHRRUtM«£> Ac,^flU,Xh900 •COT^a 

5 °C/ s fcLtCHrS] t , #>-5 # Sr fifc L^O^MLW-Wl 
-J-^lOrC/sJiLt^in^T'Ms jftfitT*' 

•e&in-r ft buT-mzmxfcmfammstb o # ^B^cosit 

2rai#413g$:MTHft. «BBBS56-142821 ^IBtCtCie 

£-£T^ft. L*»U 1#I?BBS56-142S21 

«3?«05#£+#fc:i»£T£ ft i>(DX'2>&kteUz.%: 

[0 0 08] W^Ba62-404059^«fc:«. jSigg?g 

Mffilfi*')^ * ^IZ&^X Ac, — Ac 3 ^*p B ^ipS!i 

mm-?. mttn&mi$LB&mM®.%?c7)m&$:+ftizm 

HX'Z ft i> <?>X'fo ft t tiv »i 

[0009]-*, ^*i£iH4(C<gixft^7J>§fi£ffi 



fyffl^ft;fr&^?g£iiT^ft, Witf, *£81 i F6-9334 

Ac, 3HBWua±c w» ««■ l , * coimmM 

!8tt£M4*T<Z>ISIfc:». Ms .^TCf^L^ MMtplZ 

•cms jSjjLh^«i§erftoT^*< h^^itWa v ?§?as 

[0010]^, »Bm-108152-f^«t:tt, HftSfc 
J: Xf&mm . ( Ac3^ffl.-S-50°C ) -900 TtttiftXlC^ 

sjd^ii ^x^ ti^t. nm&tmxm&x . 

ftlfSDXl4C(tii^«5fiJg?§S3lffir^o§^S^jt^r 
[00 11] 

[H^W^Li^k-r&fiaiJ L^L^'^, «rHPF 
6-93340 -^^^#^^6-93340 ^WcEttSitfctt 

^tt^fl(fjpxi±tc(iffi^>i, gKjmgp,fpffl«« 

[00123 ±izmkmiWtex.zffim&z 
yy^mm\\j:mzm.ti. %t>iztex# y hmmmz 

mmixmmzti&z ttmt tw 

[0 0 1 3 3 

ie itzmmzmm-& tub. shs, x^yhj^ftttcfc 
^^s^-tt ft ^ k i?*imx'$> ft c: t ^ffla t 

StttcSo it«ifc#l^7 5 v ->'tt^ $ -Wf ft i 
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[0014] $ lit, *HHJ#4>(i. -fb^^-^0f5gO 
KfflKfWSU HCC, Si. Mil. S. P-£?rfi£#£ 

[0015] *»HHl±±iELfett^.(cS^V^T«j«$*i 

h mmm&-> ~> % mextb ~> x . fitfe^**. mass% 

T\ C : 0.05—0.15%. Si : 0.3 -1.8 %. Mn : 1.0 - 
3.0 %. S : 0.005 %JTF. P : 0.02%£TF. Al : 0.10 
9W.T Sr . 3S»Fe*j «fc tPf^jB«PF*fi!|jjj&» & 0 . 
*»OXfi=C+Si/30 +Mn/20 +2P + 4 S (CC 
T\ C. Si. Mn. P. S : &7C%<?r&tt (mass%) ) 
#0.25%&TT-&&fflJ&^ 7x7^. ^I?Af>- 

I- . HuE^x^^ h £ffc»^T'30%Iil._L. 
«ttE*Rv/kf >"»M hSrf*m*T-20%JJLh. MlfiglS 
:*-X-r-M h£#^T'2%JM±-&^. §^(CHt|l£7 

*"io^m mTT'h&z t &teafc*f * jnitttj jtf 

( a») - ( dp) 

<af¥) :Cr. Mo. CuCOd ^><D l«*^{i2ai^±$r^- 
tf-T\ 0.05—1.0 mass%. 

(bS) : B £0.003 mass%y.T. 

( c » ) : Ca. REM CO o *>t- hMiftHz 1 flMfcli 2« 
££ft"C. 0.01raass%l^T 

(d») :Ti. Nb . V<7)p*>^A > M*±'^oiat7t:{i 
2«KLh££ff"Cs 0.01—0.2 mass%. 

<?) o -hii^muixtz i m&tzte 2«iaj:fc-Mrr* - 1 

[00 16] m2CO*%pm. mass%T\ C : 0. 

05—0.15%. Si : 0.3 —1.8 %. Mn : 1.0 —3.0 %. 
S : 0.005 %J^T. P : 0.02%JTF. Al : 0.10%ja~F£ 
#>oXflI=C+Si/30 +Mn/20 +2P+4S 

(CCT*. C. Si. Mn. P. S : #7n*<7)#^* (mass 
%) ) A*0.25%£[TT'fc0. ^WefeilPFnrjgMTFM 
^frtztcki&fSLZ^rthWm.iZ. (Ac 3 ^®,*-50°C) 
— ( Ac 3 ^80£+100 "C) fSaUBSTSsec fcLhffi}#-f 

Ms £MTnfflz&z'i$m-&-<!a:nt . jkvyc. <a 



ci^A— Ac 3 £H£) ««*I*T5— 120sec^j#-T 

& —iMmssmitt L-7tf*. 5 °c / s j2LL*>&sB»rr 

500 "CWToaSiT'^-r^-iXX^t. JK^TjfflK 
*£»Jj£LjfcSL 5«C/sJiUi^^injlJgX'3O0 tit 

te&TfAtf y hmmmzmn&-mmi)mMMmbb~o 

ikjcmw . j$ Mffi&W) r> # ©a ^ si vmrnmrnm izw 
mm'^^^m^MLtiik. 450 1— 550 x:coi&mm 
t x-mm 1 x ffismsiz*) ->*m v>&&imm jil. 

i^fWI. 5 X:/sJiLh^aHSJK-C30(rciT 

BJT-Ji. BUlBffiJjSitCTJDi. $^>t. ^ (aS) — (d 
») 

(a») : Cr. Mo. CuCOd ^ 1 a£fctt2&£Lh£-g' 
ftT. 0.05—1.0 raass%. 

(b») : B2r0.003 mass%j;iT. 

(c») : Ca. REM CO 3 "&*»4>»fcHufc 1 «4 fcli2« 
Sr-^-ItT'. 0.01mass%f.T 

( d») : Ti . Nb . VCO 5 *>frt>mStltl 1 mttziz 
2my.±.£-&WtX\ 0.01-0.2 mass%. 
CO o -hip^matvfz 1 P4^(i2mXh^*-f^ L T 

[00 17] 

[ micommcomm ] *^^3fi^j§stffii8^ ^ # m 

^r*5. mass%$rmt%tlS-r« 
[ 0 0 1 8] C : 0.05—0.15% 

-xrrir* v^m^mmco±mz?hm> i fo o . 
cojmx'hh. c^At/io.o5%^mximm 
coim.mtm§htvf . 0.15%^^^^,^. 
■v hmm^comitzmz . ssHt^-ffc-rs. 

C(i0.05-O.15%^iEHtPl5£L7t. 
[001 9] Si : 0.3 —1.8 % 
Site. fflfflfBMfcfc: «fc KtM^mtth 1 1 t,(c. ^t-Xx 

%vj±.ximL>i\&» — l.s %imtx^^h 

t. ^^ttt^^^ft-t^. ^C07ti6. Si{i0.3 - 

1.8 xcommizmfeLtz. 

[0 02 0] Mn : 1.0 —3.0 % 
1.0 %\3±xWbt>ti*. 3.0 %^fiiT*WL 
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*0 3^K0±#2rffl<. Mntil.O -3.0 % 

[0 0 2 1] S : 0.005 %&.T 

cr)t>m&l^t>\ 0.005 %£-mfft£T#6. .I<7)/t 
ft. StiO.005 X&TCHB&L*:. 
[0 0 2 2] P : 0.02%JJJ1T 

x*fv hmmn-i-rv b&ftmmz^mz^-. z<r> 

ft. PW:0.02%IUT£RR5gL7t. Srfc, KteO.Ol 
5 %WTT<6&. Al :0.10?gjaTAltt, KBBWfc LTd* 
S$r7c3rc*4**. 0.10%£fi;l 
**±#LgarWfc:^flt*S. C^ft. Al(j:0.10%m 
TOBSfcLfc. »*L<ti0.05%J3lTT'*&. 
[00 2 3] 

Xffi=C+Si/30 +Mn/20 +2P + 4S : 0.25%kTF 
C. Si. Mn(i. X^-y h^HPO-^y>y r-ffl5|*?tf>«tt£ 
fcTZ-ttlTzMThK) , tfcP. S(iX^ y h)t»SI5ft 

iftt<oi*n±<7)^fts *%bjt-{±. x,+r-y hjg»fc»»r 

Si. Mn. P, SOHflHfcfcl/TXd 
Xffi=C+Si/30 + Mn/20 + 2P + 4S 
iit, C. Si^Mn. P. S : #7C«iO^*i (raass 

%) 

ar#AL. Xtf&0.25%J^TtCliR^tl.. Xfl^0.25% 

tec. si. Mn. p. sttmzmm-h. 

[0024] S h lz . #«BJ!tf)»rCii. jfcgfcfc 1 

(a») :Cr. Mo. Qi<03 ^><0 1 ll4fctt2MU)LhSr-& 
frT". 0.05—1.0 % 

Cr. Mo. CuJi:. v^-«XtfflO^A14^|S]±L. ftiBgQB 

^fflti. Cr. Mo. Cu?)d*>m«£*;{i2fIJa_L£-£ 
fr-C0.05%tLh^U-CI2ft^itl>. Cr. Mo. Cu 

(7)3*>^ia^? , i(±2atUi^-^H-T'1.0 %£jgi.T-£ 

•f. g^fW^f'Ji;^--!). ZCDtz&b^ Cr. Mo. Cuftd*> 

«0ia£fctt2«J.;LL«:, £frT'0.05-1.0 %cr>mmiz 
m.fet&<r>tm& U 1 *. 3ri5. ± 9*F£ U^jEfflteCr. 
Mo. Cu<7)d*>ftl«£3tl22aUU^£ff-e0. 05—0.5 

[0 0 2 5] (bgf) :B:0.003 %WT 



<&mizm t §l>. L > L . B #0 . 003 % £ 
JB*.*»fc. ffl&fit8art&tztb. B(i0.003 %Ui.T(cH 
3fet4<0jWa4 U\ J:9MiU >f4jBHti0.00 
1 —0.002 %Xhh. 

[0026] (cm) : Ca. REM <Dd hfrtzffllfixfz 1 
SiJtli2a*£ff-C\ 0.01%J^T 
Ca. REM {4. mM*ftimfa?mi&Z MUTf 4ftUBS:*f 

tt*l*I±S-**S6**^rtS. iftip'SrSMWiCa. RE 
M o a fe*»&aB»ifc l aifcti 2«<o*W*3^S- 
T\ 0.01%SrSx-6tlWrt*. dWcft. Ca. REM O 
■3 *>ft 1 fctt 2«ft^aS4 . ^ItT-0. OlXJSTFfc 
mMi-&<M)Wt Lv^ J; "9#* LuffiHJiO.OO 
1 — 0.005%T*>-S>„ 

[0027] (dp) :Ti. Nb . Vftd^^iMim 
fcl«4fcli2«iaJhSr-6SrT\ 0.01—0.2 % 

Ti. Nb. vji. M*x'm.m<tw$:&titL. ztihmm.it 

SfeRt^LTfcO. '-fcKteJEtT-MrCS*. iftJ;d 

Ti. Nb. v<r>d^*»*>aif*x.^iai/s«2 

aULL£-&fK\ 0.01%ULh-ClSft^.tL-S. — ^r. -^ft 
TO. 2 % Sr j@* T L X %> WSkWim L . ^*aic.a 

ft. Ti. Nb. V(ad^ftl8*Jtli2SJ;Ui<o£qfrft 
(4. ^-trT. 0.01-0.2 ^fiOeffltK^-rSfO^JFiL 

[oo2s] xmuzm^zMmx'te. ±mLfdt^ 

W&S&mmt tt(4. N : 0.005 %&T. O : 0.0100 
%IJJlT^it^T'#l»„ $4»fcT. *IWBft«R«. ±IBL 
feffl^fc (1)7x7^, ( 2 ) ^M7^fyt^f 
b . ( 3 ) ?»B*-X x-M h ±tX ( 4 ) {fiaSQffffi 

[0029] ( 1 ) 7i5^ h 
7x5^ mHt%B$:^£%\^MKcttX'fo K> . i5 

MTli. C<7)J;3^7x7^^, #^^T'30%JiLh* 
7x^ h**<30%*<ST'(±. ^*=5rStt(6]± 
SWRjWtBfSf^*^. ^cTj^ft. S^ai4>«7x7^ 
h «i30%JJLhfcRR€ L/i.^fc. 7x7^ *A»70% 

$r*s^-i»i: . ^mm^mmitiz x zm&wmz < < ^ i> 
^ft. 7x7^ bm.ii7o%v.Tt'?z><Df)tm.£L^. 

[0030] ( 2 ) ^M-e^-r>^^ h 
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nmx$> 9 . mmmtfy v > j: 

ft & 1 1 > o MMtj>t>MM'?J\' J ry- > 1-4 b mt^\> o ifi 
t0031] ( 3 ) §^:t-X^-M h 

wg*-*7~t-4 hit. numz^iv^-y^r^ hizmm 

1S$m L . ^FJrW tin ^^L^JpXSa: JS < #j& $ -fr . 
»(<03Ef± Sr |ft|± $ i*r & ft m Sr W"f i. . *«BB^)««iT' 

ir m iz mo%i&TTt> h , 
[00 3 2] ( 4 ) m&mmm 
^mx^ * o vmgmm tit. mzmvz txx \,^^ 

k ^ -?m i- 1 t> wttflrr* o . mmmtiz£~> xm 

ft „ jSftffiSS A$ ^ft& Sofc*> £> fKS^.ffii(i 
^ 3 * U \ $:*s . WSBftUH £ fcft 

1\ ««^«K(CiBtT«Sil»-WfJ:< s *F*L< 

mcomnx'it , m^mm^ 7x^^j: x/mm^ 

beWSj&ikfmZlOum tX¥t-?h. 7i7 
hft^%SS&tfrg(ilO;uai WTfcGRJtL*:. 



C 0 0 3 4 ) *^!HS(wti(tSa-^ffl«T(i s 

«aa& & ^lijUBR-e/v-f'^-f h m.mzft%i Lxfttt 

i<0Jtft. HW-Xft-f hfcJ:V©?aS!®tacO 
T^Sfi. ±ffitib67x5-f N±5j:V'MM-7^r> 

(-H.^L5ri\ 

[0035] ^mnmmjjmmm&^zmmi. ± 

HA) it. QSSBtfLtzJ: hWt&fflBXIizX *)&%8ifet 
ix(fJ:<, fc<(cffi^$ii^v\ SiJimgPp D p(c^ffl$n 
^MffiiSft->#iicO#**(430~120 g/m^ 

l -fcffljs*^-«.««(c . -mummmm i7x« 

£ , 'T'iSiu^SffiSlift o § 5 -f >-(ct "^ip^ag 

E.<zjLmmzm%j--x^ri--<( hts&vffi&g&m 
m&~az.Tm (<&) kimi-, ifrhi%m&#>-?^%m 

cO^S-0^H^X^S (®) JiL, 2214. W7 7>- 

^ItffiiSft o ^ ii^Srff^ . 
[0037] a)-#x?i 

®.^+ioo °o oaae«t:^< k t> ssec jjLtfia^r 
v$ammzmi.tii^ m s j#.y.T<7)?s^aT'io'c 
/ s &L±.<r>i$mmmTmmt:m.i$rt2> . >r ^-^xst 

ffl»£»4fctf>fc:(i. -iXXSSftSWBfflas-, 5^ 

[oo38] ~mmmm)nm^^m.if ( ac 3 ^® 

£-5<TC) 3K». fc4V^(i«^H*ra*«5sec *?i-c-(i. 

mz'&tztii^xyt-v/i j-yy-J n^ti.. — 
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±.bth<r>ifift& L< . ftftl$iattl20 sec VXTtth 

[0039] ifc, -^n^nmco^ajiJK^ior/ 

'&<D<§tt\mmZ. MfacoBV: £ A»(c«ofcftt« 100 
•C/sfiiTi:-rt.^M^ U>. 3rti. I, 
T . m*EMW (Ar 3 S3BUft-5irc> ia±<0iBK"Ctffc 

(c. Ms^TO?aJKtT10"C/ / s J2Lt<0J«BMrC!llift 

[0040] <z>~ <%jom 

5 — 120sec lgtik&? h ~ iJcWRWyi * It L fcflk , 
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